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(57)Abstract: | 
PROBLEM TO BE SOLVED: To provide an apparatus for * 

measuring a distribution of particle size, which can - ® 

surely detect scattering light with a scattering angle of 
about 90 degrees, surely detect scattering light through 
a wide angular range from zero to about 180 degrees and 
reproducibly measure the distribution of particle size 
over a wide range of particles. 

SOLUTION: The apparatus for measuring the distribution 
of particle size has a light source 1, a sample cell 6 on 
which light from the light source 1 is projected, a 
condensing lens 3 which is disposed on optical axes 4a, 
4b of the light, and a forward detector 5 which detects 
transmitting light and prescribed scattering light 
generated at the sample cell 6. In the apparatus, the 
sample cell 6 is set so as to incline in relation to the 
optical axis 4a of the light from the light source 1, and 
groups of wide angular scattering light detector 8, 9 
composed of a plurality of detectors 10 are arranged on 
both sides of the sample cell 6. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the particle-size-distribution measuring device equipped with the light source, the 
sample cell by which the light from this light source is irradiated, the condenser lens arranged on 
the optical axis of said light, and the front detector which detects the transmitted light and the 
predetermined scattered light which are produced in said sample cell The particle-size- 
distribution measuring device characterized by preparing the wide angle scattered-light detector 
group which becomes the both sides of said sample cell from two or more detectors while 
preparing, where said sample ceil is leaned to the optical axis of the light which emitted said light 
source. 

[Claim 2] The particle-size-distribution measuring device according to claim 1 which comes to 
prepare a front detector in the focal location of said condenser lens while preparing a condenser 
lens between the light source and a sample cell. 

[Claim 3] The particle-size-distribution measuring device according to claim 2 which comes to 
prepare the optical compensator for making the transmitted light or the scattered light converge 
on the light-receiving side of said front detector in one on the optical axis between a condenser 
lens and a front detector of locations. 

[Claim 4] The particle-size-distribution measuring device according to claim 1 which comes to 
prepare this front detector in the focal location of said condenser lens while preparing a 
condenser lens between a sample cell and a front detector. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention detects the diffraction/scattered light produced by 
irradiating a laser beam at the particle group currently distributed, and relates to the particle- 
size-distribution measuring device which measures the particle size distribution of a particle 
group based on the scattered-light signal on the strength acquired by that detection. 
[0002] 

[Description of the Prior Art] In the particle-size-distribution measuring device using the 
diffraction phenomena and/or the scattering phenomenon of light by the sample particle, the 
particle size distribution of a sample particle is computed by measuring the relation between the 
intensity distribution of the diffracted light and/or the scattered light, i.e., an angle of diffraction, 
a diffusion angle, and optical reinforcement, and performing data processing based on the 
Fraunhofer diffraction theory and/or the Mie-scattering theory to this. 

[0003] Drawing 9 shows roughly the important section of the optical system in the conventional 
particle-size-distribution measuring device, and 81 is a sample cell which holds the liquid 
(henceforth a sample solution) which distributed the particle for example, into a dispersion 
medium in this drawing. 82 and 83 And one thickness direction (direction of exposure light 
transmission) side of a sample cell 81, Namely, they are the light source prepared in the back 
side of a sample cell 81, and a condenser lens. 84 is the front detector which consists of a 
photodiode array prepared in the focal location of the condenser lens 83 by the side of another 
side of the thickness direction of a sample cell 81, i.e., the front of a sample cell 81. The 
transmitted light and the scattered light with a comparatively small (for example, 0 degree - 30 
degrees) diffusion angle are detected, and the condenser lens 83 is formed in the so-called 
reverse fourier optical system located in a light source 82 side. And 85 is the wide angle 
scattered-light detector group which detects the scattered light (wide angle scattered light) with 
a comparatively large (30 degrees or more) diffusion angle, and consists of two or more 
photodiodes (single channel mold detector) 86 formed in the 1 side of a sample cell 81 ranging 
from the front to back. 87 is a substrate which supports two or more single channel mold 
detectors 86 in the predetermined condition. 
[0004] 

[Problem(s) to be Solved by the Invention] In the above-mentioned particle-size-distribution 
measuring device, since it is made to carry out incidence of the exposure light (for example, 
laser beam) 88 from the light source 82 vertically to a sample cell 81 Although it is necessary to 
prepare detector 86a in the just beside direction (the direction of exposure light transmission, 
and direction which intersects perpendicularly) of a sample cell 81 when a diffusion angle 
receives the side-scatter light 89 which is 90 degrees Like the example of a graphic display, 
when a sample cell 81 is broad (long in the direction as for which light 88 carries out incidence, 
and the direction which intersects. perpendicularly), there is inconvenience that the signal which 
declines in case said scattered light 89 passes through the inside of a sample cell 81, therefore 
is outputted from detector 86a becomes weak. Moreover, as a sign 90 shows, a diffusion angle 
may be unable to detect by neither of the detector 86 of the wide angle scattered-light detector 
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group 85 for total reflection [ in / in the scattered light around 90 degrees / sample cell 81 front 
face ]. That is, in the conventional particle-size-distribution measuring device, a diffusion angle 
may be unable to detect certainly side-scatter light around 90 degrees or 90 degrees (only 
henceforth about 90 degrees), and, for this reason, the technical problem that the accuracy of 
measurement and data repeatability of a minute particle of 1 micrometer or less had a bad 
diameter occurred 

[0005] By the way, it sets to the particle-size-distribution measuring device constituted as 
shown in said drawing 9 . In order to prevent the light which penetrated the sample cell 81 
carrying out incidence to the transmitted light detecting element of the front detector 84, 
reflecting there, and this reflected light's reflecting in the front face of a sample cell 81 toward a 
sample cell 81, and facing to the front detector 84 again, The very small include angle, for 
example, lean about 5 degrees and arrange, is tried to the optical axis 88 in said sample cell 81. 
However, when it did in this way, the technical problem which a diffusion angle originates in 
about 90-degree side-scatter light being certainly undetectable, and produces like the case 
where it is shown in said d rawing 9 and which was mentioned above occurred. 
[0006] Then, as the technique of solving such a technical problem, replace with the sample cell 
81 of a rectangular parallelepiped configuration, and curved-surface processing of the side (part 
shown by sign 81a in drawin g 9 ) is carried out. Although it is possible to prevent said total 
reflection as an interface with the air in the optical axis and sample cell 81 of the scattered light 
to take out becomes as vertical as possible, the process tolerance is required and the sample 
cell of such a special configuration has the inconvenience of carrying out a cost rise so much. 
[0007] The above-mentioned technical problem prepared the condenser lens in the front side of 
not only the so-called particle-size-distribution measuring device of reverse fourier optical 
system but a sample cell, and has just been going to produce it similarly in the so-called 
particle-size-distribution measuring device (not shown) of the fourier optical system which has 
arranged the front detector in the focal location of this condenser lens. 

[0008] It is that this invention was made with careful attention to the above-mentioned matter, 
and that object offers the particle-size-distribution measuring device which a diffusion angle can 
also detect the about 90-degree scattered light certainly, can detect certainly the scattered 
light of the large include-angle range to near 0 degree - 180 degree, and can measure the 
particle size distribution covering the large particle range with sufficient repeatability. 
[0009] 

[Means for Solving the Problem] The sample cell by which the light from the light source and this 
light source is irradiated to this invention in order to attain the above-mentioned object, In the 
particle-size-distribution measuring device equipped with the condenser lens arranged on the 
optical axis of said light, and the front detector which detects the transmitted light and the 
predetermined scattered light which are produced in said sample cell Where said sample cell is 
leaned to the optical axis of the light which emitted said light source, while preparing, it is 
characterized by preparing the wide angle scattered-light detector group which becomes the 
both sides of said sample cell from two or more detectors (claim 1). 

[0010] And while preparing a condenser lens in above-mentioned claim 1 between the light 
source and a sample cell in the particle-size-distribution measuring device of a publication, a 
front detector may be formed in the focal location of said condenser lens (claim 2), or while 
preparing a condenser lens between a sample cell and a front detector, this front detector may 
be formed in the focal location of said condenser lens (claim 4). And when it constitutes like said 
claim 2, it is desirable to prepare the optical compensator for making the transmitted light or the 
scattered light converge on the light-receiving side of said front detector in one on the optical 
axis between a condenser lens and a front detector of locations (claim 3). Thus, when 
constituted, in the particle-size-distribution measuring device which adopted reverse fourier 
optical system, the astigmatism produced when exposure light carries out incidence to a sample 
cell in the direction of slant is canceled, and the adverse effect to measurement data can be 
removed. 
[0011] 

[Embodiment of the Invention] Hereafter, the detail of invention is explained, referring to drawing. 
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Drawing 1 and drawing 2 show the gestalt of one implementation of the 1 st invention, drawing 1 
shows roughly an example of the configuration of the particle-size-distribution measuring device 
of this invention, and drawing 2 shows the configuration of that important section. And as for the 
particle-size-distribution measuring device shown in drawing 1 , the optical system is 
constituted by reverse fourier optical system. That is, in drawing 1 and drawing 2 , the light 
source which emits a laser beam 2, and 3 are the condenser lenses prepared ahead of this laser 
light source 1, and 1 irradiates the condensing laser beam 4 at the sample cell 6 mentioned later. 
5 is the front detector formed in the focal location of a condenser lens 3. The light-receiving 
side 5a For example, it is what consists of a transmitted light detecting element which detects 
the transmitted light, and a scattered-light detecting element which has arranged the photodiode 
of the shape of two or more radii in the shape of an array focusing on this transmitted light 
detecting element like a well-known ring detector. It is constituted so that a comparatively small 
forward-scattering light of 0 degree - about 30 degrees in the transmitted light and the diffusion 
angle which are produced in a sample cell 6 may be detected. 

[0012] 6 is the sample cell prepared between a condenser lens 3 and the front detector 5, and it 
is for holding the sample solution 7 which made the dispersion medium distribute the particle 
group of the measuring object, for example, consists of transparent glass etc., and is formed in 
the rectangular parallelepiped configuration, and thickness t of that direction of exposure light 
transmission is made quite small compared with die-length w of the cross direction which 
intersects perpendicularly in this direction of exposure light transmission. And to optical-axis 4a 
of the condensing laser beam 4, this sample cell 6 leans only an include angle theta back, and is 
arranged, and theta is 45 degrees in the example of a graphic display. That is, it is arranged in 
the condition of having inclined so that the include angle theta of the center line CL of a sample 
cell 6 and optical-axis 4a in the thickness direction to accomplish might become 45 degrees. If 
the condensing laser beam 4 from a laser light source 1 side carries out incidence to such a 
sample cell 6, as shown in drawing 2 , whenever the main optical-axis 4a passes the thickness 
part and sample solution 7 of a sample cell 6, it is refracted, and although optical-axis 4b by the 
side of the outgoing radiation of a sample cell 6 shifts somewhat, it will become parallel to this, 
and will connect a focus to that of said optical-axis 4a at the transmitted light detecting element 
of the front detector 5. In addition, said sample cell 6 may be a negotiation mold sample cell to 0 
which a sample solution 7 is supplied in negotiation. 

[0013] 8 and 9 are the wide angle scattered-light detector groups prepared in the both sides 
(side which counters plane-of-incidence 6a of the condensing laser beam 4, and outgoing 
radiation side 6b, respectively) of a sample cell 6, respectively. It is what detects the wide angle 
scattered light scattered about / diffracted at the comparatively big include angle of 30 degrees 
- 180 degrees among the exposure light diffracted or scattered about by the particle in a sample 
cell 6 according to an individual for every diffusion angle. These photodetection groups 8 and 9 
for the wide angle scattered lights consist of two or more photodiodes 10 formed in the shape of 
a train at a different include angle from the front detector 5. According to each arrangement 
include angle, the scattered light of the predetermined include angle by the particle in a sample 
cell 1 is detectable. In the example of a graphic display One wide angle scattered-light detector 
group 8 detects the scattered light (forward-scattering light with a comparatively large diffusion 
angle, and 90-degree side-scatter light) to 30 degrees - 90 degrees, and the wide angle 
scattered-light detector group 9 of another side detects the scattered light (side-scatter light 
and back scattered light) to 90 degrees - 180 degrees, respectively. 1 1 is the electrical circuit 
substrate which holds a photodiode 10 so that said scattered light may carry out incidence to a 
right angle in the light-receiving side, and is equipped with pre amplifier (not shown). 
[0014] And in drawing 1 , 12 incorporates the output from the front detector 5 and the electrical 
circuit substrate 1 1 one by one, and the multiplexer which carries out sequential sending out at 
A-D converter 13, and 14 are the computers as a processing unit into which the output of A-D 
converter 13 is inputted. This computer 14 processes the output of the front detector 5 and 
photodiode 10 which were changed into the digital signal based on the Fraunhofer diffraction 
theory or the Mie-scattering theory, and the program which searches for the particle size 
distribution in a particle group is stored. 15 is displays, such as a color display which displays the 
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result of an operation etc. 

[0015] In the particle-size-distribution measuring device constituted as mentioned above, it is in 
the condition which held the sample solution 7 in the sample cell 6, and if a laser beam 2 is 
emitted from a laser light source 1, it will converge in a condenser lens 3, and this laser beam 2 
will turn into the exposure light 4, and will irradiate the sample solution 7 in a sample cell 6. And 
these exposure light 4 is diffracted or scattered about by the particle in a sample cell 6. A 
comparatively small forward-scattering light of the diffusion angle of 0 degree - 30 degrees is 
detected in the scattered-light detecting element of the front detector 5 among the diffracted 
light or the scattered light. In addition, the exposure light 4 which does not receive dispersion by 
said particle turns into the transmitted light, and is detected in the transmitted light detecting 
element of the front detector 5. the optical reinforcement which this front detector 5 detected 
should be changed into an analog electrical signal, and should pass pre amplifier (not shown) 
further — it is inputted into a multiplexer 12. 

[0016] The scattered light to which a diffusion angle exceeds 30 degrees on the other hand 
among the exposure light 4 diffracted or scattered about by said particle is detected by the wide 
angle scattered-light detector groups 8 and 9. A diffusion angle among said scattered lights more 
specifically a part of forward-scattering light to 30 degrees - 90 degrees, and 90-degree side- 
scatter light It is detected for whenever [ diffusion angle / every ] by two or more photodiodes 
10 which constitute one wide angle scattered-light detector group 8. It is detected for whenever 
[ diffusion angle / every ] by two or more photodiodes 10 with which, as for a part of back 
scattered light to 90 degrees - 180 degrees, and 90-degree side-scatter light, a diffusion angle 
constitutes the wide angle scattered-light detector group 9 of another side, the optical 
reinforcement which said photodiode 10 detected should be changed into an analog electrical 
signal, and should pass further the pre amplifier (not shown) formed in the electrical circuit 
substrate 11 — it is inputted into a multiplexer 12. 

[0017] In said multiplexer 12, the front detector 5 and the measurement data from each 
photodiode 10, i.e., an analog electrical signal, are incorporated one by one in predetermined 
sequence. And the analog electrical signal incorporated by the multiplexer 12 is made into a 
serial signal, is changed into a digital signal one by one by A-D converter 13 f and is further 
inputted into a computer 14. 

[0018] In said computer 14, the data on the strength [ optical ] for every diffusion angle obtained 
by the front detector 5 and each photodiode 10, respectively are processed based on the 
Fraunhofer diffraction theory or the Mie-scattering theory, and the processing result is 
expressed as a proper gestalt on the display screen of a display 15. 

[0019] In the particle -size-distribution measuring device of the above-mentioned configuration, 
it can detect certainly by preventing attenuation within those sample cells 6 as much as 
possible, without barring dispersion/diffracted light around 90 degrees by total reflection etc., 
since the sample cell 6 is leaned to 45 degrees to optical-axis 4a (or 4b). Furthermore, since the 
wide angle scattered-light detector groups 8 and 9 which formed two or more detectors 10 in 
the both sides of a sample cell 6 in the shape of a train are arranged, at the bigger include angle 
which is not detected by the front detector 5, not to mention the forward-scattering light 
scattered about / diffracted, it cannot leak and 90-degree side-scatter light and a back 
scattered light can be detected certainly. Moreover, dispersion/diffracted light around 90 
degrees can be detected by said wide angle scattered-light detector groups 8 and 9, and the 
amount of signals can be made to increase. Therefore, while sufficient amount of signals is 
obtained to dispersion/diffracted light around 90 degrees, a diffusion angle cannot leak, can 
detect continuously the scattered light of the range large [to 0 degree - about 180 degrees ], 
and can raise the accuracy of measurement and data repeatability. 

[0020] And since the advantage of the reverse fourier optical system that the above-mentioned 
configuration ****** and a focal distance long as a condenser lens 3 are securable is enjoyable 
100%, a diffusion angle does not need the expensive front detector 5 which performed micro 
processing, although the minute scattered light, such as 0 degree - 5 degrees, is detected, but 
can use a commercial cheap diode array for it Moreover, since the scattered light with a small 
diffusion angle is detectable even if it enlarges a focal beam diameter, since a long focal distance 
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is securable, the thing which has a big focal beam diameter as a condenser lens 3, i.e., a cheap 
thing, can be used, and equipment can be constituted so much cheaply. 

[0021] various this invention is boiled, can deform and can be carried out. Hereafter, it explains. 
In the gestalt of implementation of the above 1st, although theta is 45 degrees whenever [ over 
optical-axis 4a (or 4b) of a sample cell 6 / angle-of-inclination ], and it can arrange where a 
sample cell 6 is easily leaned to optical-axis 4a (or 4b), this include angle theta is not restricted 
to this, and can be set as the include angle of the arbitration to 25 degrees - 65 degrees. This is 
because there is inconvenience that neither the total reflection in a sample cell 6 nor the 
multiple echo of the light in the interior can be certainly prevented if said include angle theta is 
too small, and there is inconvenience that the optical path length in a sample cell 6 can become 
large, and the signal over the front detector 5 cannot become weak, or the evil by the multiple 
echo of the light in a sample cell 6 cannot be prevented when an include angle theta is not much 
large. In addition, whenever [ said angle-of-incli nation ], theta can be set up in the magnitude of 
arbitration in the range which does not deviate from the main point of this invention, therefore is 
not limited to said include-angle range. 

[0022] Furthermore, in the gestalt of the above-mentioned implementation, although the sample 
cell 6 was leaned back, it may replace with this and you may lean ahead. 
[0023] And in the gestalt of above-mentioned operation, although optical system was 
constituted by the so-called reverse fourier optical system, as shown, for example in drawing 3 , 
while forming a condenser lens 3 between a sample cell 6 and the front detector 5, the front 
detector 5 may be formed in the focal location of a condenser lens 3, and optical system may be 
constituted in the so-called fourier optical system. 

[0024] And the wide angle scattered-light detector groups 8 and 9 prepared in the both sides of 
a sample cell 6 are not necessarily limited to the arrangement shown in drawing 2 , and as shown 
in drawin g 4 , they may be arranged so that it may become in parallel with the cross direction 
(longitudinal direction) of a sample cell 6. In addition, although the optical system in this drawing 
4 is a reverse fourier system, it is natural. [ of your being the fourier optical system ] 
[0025] and the above — also in the gestalt of which operation, although two or more 
photodiodes 10 which can be set in the wide angle scattered-light detector groups 8 and 9 are 
arranged on the monotonous substrate and arranged on the straight line As shown in drawing 5 , 
a photodiode 10 may be formed on curved substrate 1 1 A, and not the thing restricted to this but 
the photodiode 10 in each of the wide angle scattered-light detector groups 8 and 9 may be 
arranged in the shape of a curve. In addition, although the optical system in this drawin g 5 is a 
reverse fourier system, it is natural. [ of your being the fourier optical system ] 
[0026] Moreover, the assignment of the scattered light which the wide angle scattered-light 
detector groups 8 and 9 prepared in the both sides of a sample cell 6 receive Shift suitably the 
installation location of the wide angle scattered-light detector groups 8 and 9 instead of what is 
restricted to the numerical range mentioned above the front or behind a sample cell 6, or It can 
set up suitably by extending or narrowing the installation range in the direction of optical-axis 4a 
(or 4b) of the wide angle scattered-light detector groups 8 and 9. 

[0027] By the way, as optical system in a particle-size-distribution measuring device, it roughly 
divides, there are reverse fourier optical system (refer to drawing 1 , drawing 2 , drawing 4 , and 
drawing 5 ) and fourier optical system (refer to drawing 3 ). and the former won from a viewpoint 
of space-saving. However, since the include angles of the beam of light 93 which carries out 
incidence in a sample cell 92 differ when the sample cell 92 has been leaned and arranged to an 
optical axis 91 in reverse fourier optical system, as shown in drawing 10 , The inconvenience of 
the die length which passes a sample cell 92 differing for every beam of light, and focal dotage 
arising in light-receiving side 94a of the front detector 94 by astigmatism, originating in this, and 
having an adverse effect on measurement data may arise. In addition, 95 is the light source and 
96 is a condenser lens. Moreover, such inconvenience is not produced in the fourier optical 
system. 

[0028] Then, he is trying to prepare the optical compensator which consists of plate-like light 
transmission members, such as glass for making one on the optical axis between a condenser 
lens and a front detector of locations converge the scattered light on the light-receiving side of 
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said front detector, in the condition of having inclined to the inclination direction and hard flow of 
a sample cell, in the 2nd invention in the particle-size-distribution measuring device which 
adopted reverse fourier optical system. Hereafter, this 2nd invention is explained, referring to 
drawing 6 - drawin g 8 . 

[0029] First, drawing 6 shows the gestalt of one implementation of the 2nd invention, and shows 
roughly the configuration of the important section of the particle-size-distribution measuring 
device which adopted reverse fourier optical system. In this drawing 6 , 20 is the sample room of 
for example, a plane view rectangle, and that perimeter is enclosed by the side attachment walls 
20a-20d which consist of an ingredient which has the function which intercepts an external light. 
And on 45-degree diagonal line of the side attachment walls 20a and 20c of a couple, the optical 
apertures 21 and 22 as an optical compensator which consist of a light transmission nature raw 
material are formed. 

[0030] And it is arranged at the slanting lower part of the exterior of one optical aperture 21 so 
that the light source 1, a condenser lens 3, one optical aperture 21, and the optical aperture 22 
of another side may be located in a line on one straight line 23 in this order, so that the light 
source 1 and a condenser lens 3 may face the optical aperture 22 of another side through one 
optical aperture 21 that is,. Moreover, it is arranged so that the front detector 5, the optical 
aperture 22 of another side, and one optical aperture 21 may be located in a line on said one 
straight line 23 in this order, so that the front detector 5 may face the slanting upper part of the 
optical aperture 22 of another side one optical aperture 21 through the optical aperture 22 of 
another side that is,. That is, it is arranged so that it may stand in a line on one straight line 23 
to which the light source 1, a condenser lens 3, one optical aperture 21, the optical aperture 22 
of another side, and 45 degrees of front detectors 5 inclined. 

[0031] moreover, **** of said sample room 20 — mostly, it is located on said one straight line 
23, and the light source 1 is emitted in the center, and the sample cell 6 of a rectangular 
parallelepiped configuration is formed in it so that the condensing laser beam 4 which passed 
through the condenser lens 3 may carry out incidence at 45 degrees. It is prepared so that side 
6a of the direction of exposure light transmission of a sample cell 6 may become the side 
attachment walls 20a and 20c of a couple, and parallel and crosswise side 6b may more 
specifically become the side attachment walls 20b and 20d of other couples, and parallel. That is, 
the sample celt 6 is formed in the condition of having made it 45 degrees of the center line CL 
incline with said one straight line 23 which inclined 45 degrees. And the wide angle scattered- 
light detector groups 8 and 9 are formed in the side attachment walls 20b and 20d of the both 
sides of said sample cell 6, respectively. 

[0032] And in the gestalt of this operation, said optica! apertures 21 and 22 are leaned to the 
sample cell 6 and hard flow which leaned 45 degrees back (light source 1 side), and were 
prepared to the optical axis (line shown with the sign 23 in drawing), That is, by leaning 45 
degrees ahead (front detector 5 side), and arranging to said optical axis 23 These optical 
apertures 21 and 22 function as an optical compensator for making the scattered light which 
produces in a sample cell 6 and carries out incidence to the front detector 5 converge on light- 
receiving side 5a of the front detector 5. In this case, the thickness of the transparency 
direction of the light in the optical apertures 21 and 22 is set up suitably, and it is made for 
those total thickness to become the the best for making a laser beam converge on light- 
receiving side 5a of the front detector 5. Thus, in the constituted particle-size-distribution 
measuring device, the astigmatism produced when exposure light carries out incidence to a 
sample cell 6 in the direction of slant is canceled, and the adverse effect to measurement data 
can be removed. 

[0033] That is, in the particle-size-distribution measuring device of the 2nd invention of the 
above, the optical compensators 21 and 22 which prepared the gap of the beam of light produced 
when exposure light carries out incidence to a sample cell 6 in the direction of slant where only 
a predetermined include angle is leaned to the inclination direction and reverse of a sample cell 6 
have amended. 

[0034] And since the advantage of the reverse fourier optical system that a focal distance long 
as a condenser lens 3 is securable is enjoyable 100% according to the configuration shown in 
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above-mentioned drawing 6 , it cannot be overemphasized that the effectiveness described in 
the 0020th paragraph of the above is done so. 

[0035] Moreover, although made to serve a double purpose in above-mentioned drawing 6 as an 
optical aperture in the sample room 20 in which the optical compensators 21 and 22 held a 
sample cell 6 and the wide angle scattered-light detector groups 8 and 9 it can deform into the 
versatility instead of what is restricted to this, and can carry out, and when the luminous 
intensity of the laser beam 2 of a laser light source 1 is too strong, you may make it use ND 
(neutral density) filter for dimming as an optical compensator Moreover, when a laser beam 2 is 
what has two or more wavelength, or replaces with a laser light source and uses the source of 
the white light, you may make it use the band pass filter for wavelength sorting as an optical 
compensator. 

[0036] Furthermore, as shown in drawing 7 , the prism 21 A and 22A of a wedge action die may 
be used as an optical compensator, and a proper lens may be used. In addition, when using a lens 
as an optical compensator, it is not necessary to prepare the installation include angle so that 
the center line CL of a eel 6 and 90 degrees may be made. When an optical compensator is 
plate-like, it is necessary to prepare this, in order to remove aberration but so that the center 
line CL of a sample cell 6 and 90 degrees may be made, and when an optical compensator is not 
plate-tike, it can remove aberration regardless of said installation include angle. In addition, when 
an optical compensator is plate-like, aberration can be removed with a simpler configuration. 
[0037] Moreover, as shown in drawing 8 , you may hold in the hold room 24 which had only the 
sample cell 6 sealed. In this case, the hold room 24 needs to form light, such as a laser beam, for 
the raw material made to penetrate good. In addition, more stable measurement can be 
performed by forming a sample cell 6 in sealed space, such as the sample room 20 and the hold 
room 24. 

[0038] And in the gestalt of operation of above-mentioned drawin g 6 - drawing 8 , although two 
optical compensators 21 and 22 (21 A, 22A, 21 B, 22B) were formed on the optical axis between a 
condenser lens 3 and the front detector 5, it is not necessary to do in this way, and the optical 
compensator may be prepared in one on said optical axis of locations one **. 
[0039] Moreover, also in the 2nd invention which prepared said plate-like optical compensator, 
whenever [ over the optical axis 23 of a sample cell 6 / angfe-oHnclination ], theta is not 
restricted only to 45 degrees and may set said include angle theta as the include angle of the 
arbitration to 25 degrees - 65 degrees. In this case, whenever [ angle-oHnclination / of a 
sample cell 6 ] t between theta', it sets [ whenever / theta and angle-oHnclination / of the 
optical compensators 21 and 22 (21 A, 22A, 21 B 22B) ] up so that it may become theta+theta'=90 
degree. For example, when 30 degrees of sample cells 6 are leaned back, it is necessary to lean 
60 degrees of optical compensators 21 and 22 (21 A, 22A, 21 B, 22B) ahead. 
[0040] 

[Effect of the Invention] As explained above, according to the particle-size-distribution 
measuring device of this invention, a diffusion angle can also detect the about 90-degree 
scattered light certainly, can detect certainly the scattered light of the large include-angle range 
to near 0 degree - 180 degree, and can measure the particle size distribution covering the large 
particle range with sufficient repeatability. 

[0041] And according to invention according to claim 3, in the particle-size-distribution 
measuring device which adopted reverse fourier optical system, the astigmatism produced when 
exposure light carries out incidence to a sample cell in the direction of slant is canceled, and the 
adverse effect to measurement data can be removed. 
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<> aflfc*l«e*\ 0tl*tf2 5° ~6 5° $T©ffig© 
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*Bt, **ttay<y-b-*2 l. 2 2 (2 1 A, 2 
2 A, 2 IB. 2 2B) ©fgtftge' fc«DHIHCtt» 0 

21. 22 (21 A, 22 A, 21B. 2 2B) (i> M 
[0 0 4 0] 

aftweiM k * ni& irsa a* 9 0 • »«©»&** 

tSt»C«ffl-rsci:^T?t, 0° ~1 80" ttiliST' 

[0041] f i/t, »sR«3fcffltt©^W«c<j:ntf, 
[0ffi©BB*&ifcSJ§] 

[0 l] ft 1 »WK«*ta?g#*2H?6gtH©#jfi©- 

[02] wt2!e?s^iiissg©)t^o-ffj%^-r 

[03] Wia«^R©ffl!Ofil*jRrHT**. 

[04] tmE«^©«6teffi«DW*^"rBiT*«. 
[0 5 ] *HE3fc*JR©S 6 Kttom*i*tmv* «. 
[06] ft2HWt«se?S»*iR0^SH©^©- 

[07] t5t2«t : ?s^a'JS^(i©«fig©fs©§j^mB§ 

[0 8 ] toEtfi?&#*p»!i£&ii©«j8©s e fcfaoen 

[09] vmmi*wi**ttiM>aT!*s. 
[01 0] ^*Ktri^iKBfl-r§ft46©0T-fc5„ 

l-m 3-«3tU>X. 4a. 4b-m 5-Hu 
#&fcUS§, 5a-SJtS, 8. 9 

IRaXttiblHV. 1 0-M, 2 1. 2 1 A, 2 1 
B. 2 2. 2 2 A, 2 2B-ft¥693V^->, 2 
3-tttt. 
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